Context. Models of galaxy formation in a cosmological framework need to be tested against observational constraints, such as the average stellar density profiles (and their dispersion) as a function of fundamental galaxy properties (e.g. the total stellar mass). Simulation models predict that the torques produced by stellar bars efficiently redistribute the stellar and gaseous material inside the disk, pushing it outwards or inwards depending on whether it is beyond or inside the bar corotation resonance radius. Bars themselves are expected to evolve, getting longer and narrower as they trap particles from the disk and slow down their rotation speed. Aims. We use 3.6 µm photometry from the Spitzer Survey of Stellar Structure in Galaxies (S 4 G) to trace the stellar distribution in nearby disk galaxies (z ≈ 0) with total stellar masses 10 8.5 M * /M 10 11 and mid-IR Hubble types −3 ≤ T ≤ 10. We characterize the stellar density profiles (Σ * ), the stellar contribution to the rotation curves (V 3.6µm ), and the m = 2 Fourier amplitudes (A 2 ) as a function of M * and T . We also describe the typical shapes and strengths of stellar bars in the S 4 G sample and link their properties to the total stellar mass and morphology of their host galaxy. Methods. For 1154 S 4 G galaxies with disk inclinations lower than 65
Introduction
In the lambda cold dark matter (ΛCDM) model, the seeds for dark matter halos arise from quantum fluctuations amplified by cosmic inflation. The halos gain angular momentum from cosThe FITS files of the synthetic images and the tabulated radial profiles of the mean (and dispersion of) stellar mass density, 3.6 µm surface brightness, Fourier amplitudes, gravitational force, and the stellar contribution to the circular velocity are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/ mological torques as they grow. Galaxies are formed from the cooling and condensation of gas in their centres (White & Rees 1978; Fall & Efstathiou 1980) , and the baryons inherit the angular momemtum from their host halos.
In the early universe galaxies suffered recurrent mergers, which became less frequent with time. At z ∼ 2 − 2.5 galaxies were still thick, gas-rich, and clumpy, and actively formed stars (e.g. Bournaud et al. 2007; Genzel et al. 2008; Dekel et al. 2009; Förster Schreiber et al. 2011) . van found that in galaxies with present-day stellar masses similar to that of the Milky Way (MW, log 10 (M * /M ) ≈ 10.7) most of the star forArticle number, page 1 of 22 arXiv:1607.07317v2 [astro-ph.GA] 23 Aug 2016 mation had already taken place before z ∼ 1, at which time these systems typically show an almost fully assembled backbone with a quiescent bulge 1 and a slowly star-forming disk. This is consistent with studies showing a lack of strong evolution in the stellar mass-size relation in disk galaxies over the last 8 billion years (e.g. Lilly et al. 1998; Simard et al. 1999; Barden et al. 2005) . In that period the bar fraction (e.g. Jogee et al. 2004; Elmegreen et al. 2004) or the locii of outer rings relative to bars (e.g. Pérez et al. 2012 ) have been found to be constant. However, Sheth et al. (2008) found a constant bar fraction up to z ∼ 0.84 only for the most massive spirals (M * 10 11 M ), whereas for fainter and bluer systems it declined substantially beyond z ∼ 0.3. Recent work by Sachdeva et al. (2015) concludes that disk galaxies have experienced a substantial peripheral growth since z ∼ 1 (based on measurements of the Petrosian radius; Petrosian 1976) .
Disks in spiral galaxies exhibit luminosity profiles that tend to decay exponentially in the radial direction (Freeman 1970) . Exponential or quasi-exponential stellar disks have been produced in a ΛCDM framework in simulation models (e.g. Abadi et al. 2003; Robertson et al. 2004; Dutton 2009 ). Recent observations in optical (e.g. Erwin et al. 2005; Pohlen & Trujillo 2006; Erwin et al. 2008 ) and infrared wavelengths (e.g. Muñoz-Mateos et al. 2013; Laine et al. 2014; Kim et al. 2014) show that disks can have breaks in their radial surface brightness profiles. Specifically, disks are classified as Type I if they are purely exponential, and Type II and Type III respectively if they become steeper or shallower after the break.
Roughly two-thirds of the local galaxies have a bar (e.g. de Vaucouleurs et al. 1991; Knapen et al. 2000; Whyte et al. 2002; Laurikainen et al. 2004a) . Stellar bars are known to conduct angular momentum of the baryonic and dark matter components throughout the disks of spiral galaxies (e.g. Weinberg 1985; Athanassoula & Misiriotis 2002; Marinova & Jogee 2007) . Namely, angular momentum is emitted from the material in the surroundings of the inner Lindblad resonance of the bar, and absorbed by the material near the resonances associated with the spheroidal components (dark matter halo and bulge, when present) and with the outer disk. According to different dynamical models (e.g. Little & Carlberg 1991; Debattista & Sellwood 1998; Athanassoula & Misiriotis 2002; Athanassoula 2003; Martinez-Valpuesta et al. 2006) , while bars exchange angular momentum they become narrower, longer, stronger, and they slow down their rotation speed. Early analytical studies by Contopoulos (1980) proved that the orbits making up the bar do not extend beyond the corotation resonance radius (r cr ). The bar slow-down predicted by N-body simulations is not easy to reconcile with bar pattern speed estimates from observations. Rautiainen et al. (2005 Rautiainen et al. ( , 2008 showed that bars in early-type galaxies have typical ratios r cr /r bar ≤ 1.4 (known as fast bars), while later-types have bars which can be both fast and slow. Recent measurements using the Tremaine-Weinberg method (Tremaine & Weinberg 1984) indicate fast bars for all morphological types (Aguerri et al. 2015) . Models by Athanassoula (1992b) showed that r cr /r bar determines the shape of the offset dust lanes. Among fast bars, the curvature of dust lanes was found to inversely scale with the strength of the bar in the recent work by Sánchez-Menguiano et al. (2015) , while slow bars had similar values of the mean curvature for all bar strength values. This confirmed the theoretical prediction in Athanassoula (1992b) (see also Knapen et al. 2002; Comerón et al. 2009 ).
Possible observational evidence for the bar evolution was provided in Laurikainen et al. (2007) , Elmegreen et al. (2007) , Gadotti (2011 ), and Díaz-García et al. (2016 , by finding a dependence between different proxies of the bar strength and estimates of their length, and by studying the evolution of the bar parameters in the Hubble sequence. The bar evolution is also manifested in the buckling instability in the vertical direction that gives birth to boxy/peanut (B/P) bulges (Combes & Sanders 1981; Combes et al. 1990; Raha et al. 1991; Athanassoula & Misiriotis 2002; Debattista et al. 2004; Martinez-Valpuesta & Shlosman 2004; Debattista et al. 2006) . The so-called barlenses (Laurikainen et al. 2011 ) are thought to be boxy/peanut bulges seen in the face-on view (Laurikainen et al. 2007 Athanassoula et al. 2015) . For a review of the properties of B/P bulges, the reader is referred to and Athanassoula (2016) .
Bars participate in the redistribution of stars and gas inside the disk (Athanassoula 2013 , and references therein) by pushing them outwards (inwards) beyond (within) the corotation radius (CR). Simulation models predict that this process increases the disk size (e.g. Hohl 1971 ) and causes secular evolution of bulges (e.g. Athanassoula 1992a; Wada & Habe 1992; Friedli & Benz 1993) after the bar-funneled cold gas is transformed into stars, and also as a result of old stars being driven inward by the bar torques (Grosbøl et al. 2004) . Actually, signatures of disk-like central components in the kinematics of observed barred galaxies have been found (e.g. Pérez et al. 2009; Seidel et al. 2015b ). In addition, an enhanced star formation in the central parts of barred galaxies has been detected (e.g. Ellison et al. 2011; Oh et al. 2012; Zhou et al. 2015; Florido et al. 2015) . Based on studies of the bar fraction in the Galaxy Zoo (Masters et al. 2011) and measurements of bar sizes, Cheung et al. (2013) provided empirical evidence for bar-driven secular evolution within the central kpc of disk galaxies.
Furthermore, bars are known to be responsible for the formation of resonance rings (e.g. Schwarz 1981; Buta 1986; Rautiainen & Salo 2000) . Whether stellar bars drive spiral density waves has been a matter of debate (e.g. Kormendy & Norman 1979; Seigar et al. 2003; Block et al. 2004; Buta et al. 2005 Buta et al. , 2009 Durbala et al. 2009 ). Recent work by Salo et al. (2010) supports such causality. Using SDSS-DR2 photometry, observational evidence for the bar-induced disk secular evolution was provided by Sánchez-Janssen & Gadotti (2013) , who found that barred galaxies with stellar masses M * > 10 10 M at redshifts 0.02 ≤ z ≤ 0.07 typically have fainter extrapolated central surface brightness and larger disk scalelengths than their non-barred counterparts.
Based on IFU observations of three prominent galactic bulges and full spectral fitting methods, recent work by Seidel et al. (2015a) found that at least 50% of the stars in those bulges formed at z ∼ 4. They also detected a younger component (1) (2) (3) (4) (5) (6) (7) (8) . Two bulge population families were found in the models of MW-type galaxies in a cosmological framework by Obreja et al. (2013) , the first forming during an early starburstcollapse (old stars) and the second during the phase driven by processes such as disk instabilities and/or mergers (young stars).
In order to obtain the observational constraints needed to check galaxy formation models, Dutton (2009) proposed measuring the average deprojected surface brightness profiles as a function of the primary galaxy parameters, such as stellar mass, colour, and size. Mid-IR rest-frame wavelengths are well suited to this as they are very sensitive to the old stellar populations and are barely affected by dust absorption. For this reason, the Spitzer Survey of Stellar Structure in Galaxies (S 4 G; Sheth et al.
Article number, page 2 of 22 S. Díaz-García et al.: Stellar mass distribution of S 4 G disk galaxies and signatures of bar-induced secular evolution 2010), which includes 2352 nearby galaxies, is an ideal sample to carry out such a study at z ≈ 0. Using S 4 G 3.6 µm imaging, DG2016 provided a first-order estimate of the halo-to-stellar mass ratio (M halo /M * ) from comparisons of the stellar component of the circular velocity to kinematic H i data compilation from Courtois et al. (2009 Courtois et al. ( , 2011 and HyperLEDA 2 (Paturel et al. 2003) . Díaz-García et al. (2016) found a good agreement in the slope of the M halo /M * -M * relation with the best-fit model at z ≈ 0 in ΛCDM cosmological simulations (e.g. Moster et al. 2010) . Based on various bar measurements, DG2016 carried out a statistical analysis of the properties of bars and their fraction at z = 0 as seen in the S 4 G sample, providing possible evidence for the growth of galactic bars within a Hubble time. In the current paper, the characterization of galactic bars is done with an inverted approach: first we stack images of individual galaxies to obtain average bar density distributions as a function of stellar mass, revised Hubble type and galaxy family; and then study the properties of these stacked bar images.
This paper is organized as follows. In Sect. 2 we present the S 4 G data and the criteria used to define the samples. In Sect. 3 we describe the methodology for resizing and stacking the galaxy images and 1-D profiles. In Sect. 4 we study the luminosity profiles of the stellar disks based on the stacks and we study the mean A 2 profiles and stellar component of the circular velocity. In Sect. 5 we analyse the shape and strength of the average bars. In Sect. 6 we characterize the bars in the Hubble sequence. In Sect. 7 and Sect. 8 we discuss on the assembly and secular evolution of disk galaxies; we emphasize the role of bars in this process, whose effect is demonstrated based on the properties of the disk stacks. In Sect. 9 we summarize the main results of this paper.
Data and sample selection
The S 4 G survey (Sheth et al. 2010 ) consists of 2352 nearby galaxies (distance 40 Mpc) observed in the 3.6 µm and 4.5 µm bands with the InfraRed Array Camera (IRAC; Fazio et al. 2004 ) installed on board the Spitzer Space Telescope (Werner et al. 2004) . Data taken from HyperLEDA were used to define the sample which is composed of bright and large galaxies (extinction-corrected total blue magnitude m B corr < 15.5 mag and blue light isophotal angular diameter D 25 > 1 ) located far from the Milky Way plane (Galactic latitude |b| > 30
• ). The galaxies were mapped out to 1.5 · D 25 or more. However, for 125 galaxies the mosaics did not reach that far. A wide range of masses (∼ 5 orders of magnitude) and all Hubble types (T ) are included in the S 4 G sample. However, there is a bias towards late-type systems because of the distance restriction based on H i recessional velocities (observations are currently extended to gas-poor earlytype galaxies; see Sheth et al. 2013 ).
Here we use the 3.6 µm images (FWHM ≈ 2.1 , pixel scale of 0.75 pixel −1 ) allowing us to reach stellar mass surface densities of ∼ 1 M /pc 2 (µ 3.6µm (AB)(1σ) ∼27 mag arcsec −2 ). For further details on the processing and reduction of the raw data to obtain science-ready imaging, the sky subtraction and masking process, see Muñoz-Mateos et al. (2015) and Salo et al. (2015) . We use the morphological classification from Buta et al. (2015 , who used the revised version of de Vaucouleurs Hubble-Sandage system (de Vaucouleurs 1959) . Measurements of the bar sizes (r bar ) and position angles (PA bar ) are taken from 2 We acknowledge the usage of the database (http://leda.univlyon1.fr). the catalogue of structures by Herrera-Endoqui et al. (2015 . We use the disk orientation parameters, bulge-tototal ratios (B/T), and disk scalelengths (h R ) from S 4 G Pipeline 4 (Salo et al. 2015, hereafter P4) , where a 2-D decomposition of the 3.6 µm light distribution into different structure components was done using GALFIT (Peng et al. 2010) and IDL-based visualization tools (GALFIDL). Distances and total stellar masses are taken from S 4 G Pipeline 3 (Muñoz-Mateos et al. 2015, hereafter P3) . The isophotal radii at the surface brightness 25.5 mag arcsec −2 (R 25.5 ), calculated from the 3.6 µm images, are also taken from P3.
In order convert the 3.6 µm surface brightness (µ) to stellar mass density (Σ * ), we use the formulae given in Muñoz-Mateos et al. (2013) :
where M 3.6µm refers to the total 3.6 µm absolute magnitude (AB system), assuming a mass-to-light ratio M/L = Υ 3.6µm = 0.53 (Eskew et al. 2012) .
Only 1345 S 4 G disk galaxies (ellipticals excluded) have P4 inclinations lower than 65
• ; 1226 of these non-highly inclined galaxies have 'ok' quality flags in P4, meaning that the inclination can be reliably estimated from the ellipse fits. Our sample is comprised of 1154 galaxies that reach R 25.5 (see Sect. 3.2 for further details). About 2/3 of these galaxies (748) are barred according to B2015, and have reliable measurements of bar lengths in HE2015, constituting our subsample of barred galaxies.
Image scaling and stacking
In this section we explain how the 3.6 µm frames are processed in order to obtain the stacks that we use to characterize the disks and bars of our sample.
Fourier decomposition and scaling of the decomposed images
Under the assumption of an intrinsically circular and infinitesimally thin disk, the 3.6 µm images are deprojected to face-on. We use the disk orientation parameters from P4 (outer orientation angle and axial ratio), which were derived from the outermost isophotes of the galaxies after ellipse fitting was performed using the IRAF task ellipse (Jedrzejewski 1987) . The Fourier decompositions of the light distribution of the galaxy images (up to 40 modes) were performed in a polar grid with 128 bins in the azimuthal direction :
where A m = I m /I 0 are the normalized Fourier amplitudes and I 0 refers to the m = 0 surface density component. The radial extent of the polar grid is the rough estimate of the galaxy outer radius used in P4 to define the image region for the GALFIT decomposition, called as R lim . Beyond this radius the galaxy flux at 3.6 µm is negligible. Unlike in 2-D multi-component decompositions, Fourier decompositions demand full azimuthal coverage of the galaxy images at all radii. For this reason, for a dozen of systems R lim was reduced to avoid cropped sections of the galaxy images in the mosaics.
Article number, page 3 of 22 (AB) . The frame is aligned such that the y-axis points north and east is to the left. Axes are in units of arcsec. The blue dashed line corresponds to the visual measurement of the bar length and position angle from HE2015. The red dotted line corresponds to an ellipse of semimajor axis equal to 2·r bar , whose PA and ellipticity are determined from the disk orientation parameters from P4. Lower panel: De-projected image of NGC 4548 reconstructed from the Fourier components in a polar grid on the disk plane. The image has been reoriented with respect to the bar major axis (PA bar = 0), geometrically reflected across the bar major axis (to make the spiral arms wind clockwise), and resized to a grid of radius 3 times the bar size.
For the averaging of stellar disks, the only relevant Fourier mode is m = 0, comprising the asymmetric component of the light distribution of the galaxies. Using spline interpolation, the I 0 profiles are resized to a common frame determined by the scalelength of the disk (up to 6 · h R , using a 0.04 h R wide radial bin) and the extent of the disk in physical units (up to 25 kpc, using a 0.125 kpc wide radial bin).
For the stellar bars, the m = 2 amplitude covers a large fraction of the bar flux, although higher order even modes (m = 4, 6, and 8) also have a significant contribution among barred lenticulars, and early-and intermediate-type spirals (Ohta 1996; . The images of the barred galaxies in our sample are reconstructed from Eq. 3. By means of this decomposition+reconstruction sequence, we filter the 3.6 µm photometry by removing sharp density features, for instance those caused by star-forming regions and dust lanes that pollute the 3.6 µm emission (e.g. Querejeta et al. 2015 ). An image of the barred galaxy NGC 4548 and that reconstructed from the Fourier modes are shown in Fig. 1 .
Prior to doing the bar stacks, barred galaxies need to be scaled and oriented with respect to the stellar bars. The fact that we are using a polar grid facilitates this process, consisting of the following steps (see Fig. 1 ):
1. Rotation of the image with respect to the bar major axis, so that the final bar position angle is zero; 2. Geometric reflection across the bar major axis to make the spiral arms wind clockwise (in case they wind counterclockwise in the sky); 3. Scaling of the reoriented image to a grid of radius 3·r bar (bins width of 0.02 r bar ) using linear interpolation.
3.1.1. Gravitational potential and scaling of V 3.6µm and A 2
We use gravitational potentials (Φ) obtained by DG2016 from the Fourier decomposed 3.6 µm images, applying the NIR-QB code . A constant mass-to-light ratio and an exponential vertical profile were assumed, and the scaleheight was estimated by applying the scaling relation between h z and h R given in de Grijs (1998). The stellar contribution to the circular velocity curve (V 3.6µm ) of all the galaxies in our sample was estimated as
where r is the galactocentric radius and F R = ∂Φ ∂r is the radial force obtained for a mass-to-light ratio M/L = 1. A detailed analysis of the uncertainties in V 3.6µm associated with the constant M/L and scaleheight was presented in DG2016; these uncertainties are not larger than the nominal uncertainty on the value of M/L (see Eskew et al. 2012; Meidt et al. 2014) .
In DG2016 the tangential-to-radial force ratio (Q T ; Combes & Sanders 1981; Block et al. 2001; Buta & Block 2001 ) was also obtained. For most of the barred galaxies in our sample, the maxima of Q T and A 2 in the bar region were calculated (denoted Q b and A max 2 , respectively) and used as proxies of bar strength. For all the galaxies in our sample, A 2 and V 3.6µm radial profiles are also rescaled to a common frame in an identical fashion as I 0 .
Coadding galaxy disks and bars
Having rescaled and reoriented the disks, we are in the position to co-add them and obtain the average light profiles in bins of M * , T , and galaxy family.
In the upper panel of Fig. 2 we show the 1-D surface brightness profile resulting from stacking 79 galaxy images, resampled to a common physical scale in kpc, with total stellar masses similar (±0.1 dex) to that of the Milky Way (M MW ≈ 5·10 10 M ). We also show the agreement of our results with the median profile at z = 0 obtained by van Dokkum et al. (2013) for MW-type galaxies using SDSS g-band photometry (we have corrected the factor of 2 error in the normalization for their Fig. 3 ; private communication with Pieter G. van Dokkum).
Article number, page 4 of 22 S. Díaz-García et al.: Stellar mass distribution of S 4 G disk galaxies and signatures of bar-induced secular evolution Average surface mass stellar density profiles obtained from the stacking of 3.6 µm I 0 profiles, resized to a common physical scale in kpc, of 79 disk galaxies with total stellar masses comparable (±0.1 dex) to that of the Milky Way (M MW ≈ 5 · 10 10 M ). Different ways of averaging the stacks are compared, as indicated in the upper right legend. The sample dispersion (σ) and the standard deviation of the mean (σ/ N gals ) are indicated with error bars (dashed and solid vertical lines, respectively), centred on the mean profile stacked in units of mag. The median profile for MW galaxies at z ≈ 0 from van (traced from their Fig. 3 ) is also overplotted. Second panel: For the same MW-type stellar mass bin, the fraction of galaxies whose radial profile extends to a given galactocentric radius. The 75%, 50%, and 25% sample completeness levels are highlighted with vertical solid, dashed, and dotted lines, respectively. Third panel: Mean Σ * of MW galaxies sampled based on how far they extend (estimated from R lim ) relative to R 25.5 . Fourth panel: For the systems in our sample, histogram of the distributions of the image outer radius relative to R 25.5 .
We also compare different methodological aspects for the stacks, namely the units when co-adding the light of each individual galaxy (flux or magnitudes), the measure of central tendency used (mean or median), and the treatment of the outskirts when some of the sampled galaxies do not extend as far as the rest. Whether we use units of flux (MJy/sr) or magnitudes, the ranking of the data points is the same, hence median profiles always give the same results. Because of the greater sensitivity of the mean Σ * to the brightest systems, mean profiles computed in units of flux are slightly denser than when using median or mean magnitude. Since many of the images do not extend as far as 20-25 kpc, in the second panel of Fig. 2 we show the sample completeness level (calculated from R lim ) as a function of radius. In the outer regions of the common frame, the calculation of mean/median Σ * in the outskirts is only done using the systems whose R lim extends that far (and when using magnitude units, with positive I 0 (r) values). As a result, up-bending sections may appear (for MW galaxies a break appears at ∼ 25.5 mag arcsec −2 ) which cannot be considered statistically representative. In addition, as shown in the bottom panel of Fig. 2 , there are systems which do not reach as far as R 25.5 (see the S 4 G pipelines for details). Sampling the galaxies based on the value of R lim relative to R 25.5 (third panel in the same figure) can result in subtly fainter mean Σ * , although this can introduce a bias because less centrally concentrated galaxies extend further (relative to R 25.5 , for a fixed M * ).
Unless stated otherwise, hereafter we use mean radial Σ * profiles resulting from the stack of I 0 amplitudes in units of mag resized to a common physical scale in kpc or normalized to h R . To avoid uncertainties related to the surface brightness depth and radial extent of the individual galaxies discussed above, we limit the analysis of Σ * up to the radius enclosing 75 % of the (sub)sample coverage. In addition, the sample selection was limited to galaxies having R lim > R 25.5 . Uncertainties on the stacks are estimated from the standard deviation of the mean, σ/ N gals , where N gals refers to the number of galaxies inside a certain bin.
In Fig. 3 we present the result from co-adding all the bars hosted by SB galaxies with Hubble types −1 ≤ T ≤ 1 (38 systems). From the resulting 2-D image we can distinguish a welldefined bar, bulge, barlens, and a hint of an ansae shape. The spiral arms arising from the bars were systematically reoriented to wind clockwise in each of the binned galaxies. Consequently, the outermost bar isophotes of the stack may show a small bending with respect to the bar major axis towards the spiral arms. The effect is subtle in this example, but it is more noticeable for later-type spiral galaxies because of their larger pitch angles (see Sect. 5.1). In addition to the spiral arms, other stellar structures such as lenses (e.g. Kormendy 1979; Laurikainen et al. 2009 ) and rings (e.g. Comerón et al. 2014 ) are intrinsically elliptical and appear typically aligned with the bar among the early-type galaxies, which explains why the isocontours beyond the bar in Fig. 3 are not circular. However, in this work we focus the analysis of bar stacks exclusively on the bar region (R 1.5r bar ) and not in the outer parts. For this reason, the sample completeness in the radial direction is not an issue here.
In Fig. 4 we test the robustness of the 2-D and 1-D stacking methods by comparing their output, for the early-(T < 5) and late-type (T ≥ 5) barred systems in our sample. As expected, whether we stack the bars in 2-D and obtain the azimuthally averaged surface brightness or co-add the 1-D I 0 profiles of individual galaxies rescaled to r bar , the result is the same (upper panel). However, each of the methods offers different possibilities. Two-dimensional stacking allows the mean bars to be calcuArticle number, page 5 of 22 A&A proofs: manuscript no. astroph_2016_AA_diazgarcia_simon (AB) and cropped to a radius ∼ 2r bar , resulting from the stacking of galaxies classified as SB in B2015 with Hubble types -1 ≤ T ≤ 1 (38 systems). The black lines show the isocontours corresponding to the surface brightness levels 18-21 (solid line) and 21.5-22.5 (dotted line) mag arcsec −2 with a step of 0.5 mag arcsec −2 . Some of the galaxies used in the stack are shown in the uppermost panels with the bar elliptical isophote and visual bar measurement from HE2015 highlighted in green and blue, respectively. lated, thus providing a non-parametric characterization of the bar shape, which may be useful for comparison with N−body models. By averaging 1-D stellar density profiles, we can directly obtain the dispersion of the radial profiles for a given subsample. In addition, 1-D stacking allows the mean V 3.6µm to be calculated directly. We also compare the mean A 2 profiles derived from the 2-D bar stacks with those obtained from 1-D stacking of the individual A 2 profiles (lower panel of Fig. 4 ). The differences in the mean A 2 are fairly small at their maximum value (∼ 5%). The 1-D stacking produces slightly larger values in the central parts owing to non-axisymmetric inner structures (e.g. double barred galaxies). Beyond the bar region, larger A 2 amplitudes are mostly the result of spiral modes. Inner and outer non-axisymmetric structures fade away during the 2-D stacking.
One-dimensional characterization of stellar disks
In this section we describe the 1-D stellar density profiles of the disk stacks after binning the sample based on the total stellar mass of the host galaxies and their morphological type. To this end, we separate S0s (−3 ≤ T < 0), early-type spirals (0 ≤ T < 3), intermediate-type spirals (3 ≤ T < 5), late-type spirals (5 ≤ T ≤ 7), and irregulars and Magellanics (7 < T ≤ 10). Occasionally, we also study early-(T < 5) and late-type (T ≥ 5) systems separately. In addition, we characterize the average stellar contribution to the circular velocity of these synthetic disks. 
Mean density profiles in physical units
In the top panel of Fig. 5 we show the mean Σ * obtained by binning the sample in M * and rescaling the density profiles to common frame in physical units. It is clear that the central density and scalelength (slope) of the mean Σ * increase with increasing M * . In the inner parts the contribution of the bulge makes the profiles steeper for the more massive galaxies. Among the massive systems, we checked that all the trends in Fig. 5 are practically the same even when S0 galaxies are excluded.
In order to parameterize the mean profiles in physical units, we performed 1-D chi-square minimization fitting to µ 3.6µm in units of magnitudes (dotted lines in the upper panel of Fig. 5 ). We assigned the same weight to all the data points and used two components which were modelled with exponential and Sérsic profiles:
where Σ • and h R are the disk extrapolated central stellar density and scalelength, respectively, while Σ b• and R b refer to the central density and scale parameter of the Sérsic component, and n is the Sérsic index (shape parameter). For the bin with M * < 10 9 M we use a one-component exponential fit. The resulting parameters from the decomposition of all the Σ * profiles are listed in Table 1 . By giving these decomposition quantities, we only aim at parameterizing the mean profiles. We also calculated the dispersion (σ) of the luminosity profiles at every radius (bottom panel of Fig. 5 ), which is 1 mag on average. Interestingly, the scatter is larger for non-barred galaxies than for the barred systems when M * ≥ 10 9.5 M . As shown in the central panel of Fig. 5 , there is a significant difference between the mean surface brightness of barred and non-barred galaxies for systems with total stellar masses M * ≥ 10 9 M . For the lowest mass galaxies the difference is not found. In the outer disk, barred galaxies show typically brighter Average stellar mass density profiles obtained by binning the sample in total stellar mass, rescaling the 3.6 µm I 0 profiles in physical units and stacking them (the inset shows the same in a log-log scale, the R = 2 kpc distance highlighted with a dashed line). The solid lines trace Σ * within the radial range with a 100% sample coverage. The dashed lines show Σ * when the sample coverage is let to be greater than 75%. The dotted black lines correspond to the twocomponent Sérsic+exponential fit to the mean disks in the range with a 100% sample completeness level (see the text). The resulting disk parameters are listed in Table 1 . The small vertical lines along the profiles indicate the standard deviation of the mean (σ/ N gals ). For the bin with the largest M * , the vertical dotted lines indicate the sample dispersion (σ). Central panel: As in the upper panel, but separating barred (solid line) and non-barred (dashed line) systems (90% coverage). The vertical dotted lines indicate the mean bar size of the barred galaxies in each of the M * -bins. Lower panel: Statistical dispersion of the rescaled luminosity profiles among the galaxies in each of the M * -bins used in the upper panel. Barred (solid lines) and non-barred (dashed lines) galaxies are studied separately. M * /M 10 11 (90% sample coverage). Early-type (T < 5) and latetype (T ≥ 5) systems are studied separately. Σ * profiles. On the contrary, in the inner parts non-barred galaxies are on average denser at a given total stellar mass. In addition, for a given stellar mass interval, we find that the intersecting point of the mean Σ * profiles of barred and non-barred galaxies is located very close to the mean bar size. In Fig. 6 we checked that this trend is maintained also when the samples are split into early-type (T < 5) and late-type (T ≥ 5) systems. Furthermore, we do not find any significant difference in the mean Σ * between strongly and weakly barred galaxies.
Mean density profiles normalized by h R
In Fig. 7 we show the mean radial Σ * derived by stacking the 1-D density profiles after resizing them with respect to the disk scalelength, grouping the galaxies based on their total stellar mass and Hubble type. Unlike in Sect. 4.1, the resulting disks show a common slope, which is expected because of the used scaling and by definition of h R . This means that a single exponential scalelength (as fitted in P4) describes fairly well the mean stellar disk surface brightness outside the central parts of the galaxies down to at least ∼ 24.5 mag arcsec −2 . Furthermore, galaxies with total stellar masses ≥ 10 10 M show prominent central components in their profiles (R h R ): the central density is ∼ 6 − 10 times larger than the extrapolated disk central density. To make this clearer, in the lower panels of Fig. 7 we show the deviation from an exponential slope (fitted at 2 · h R ) of the mean profile (normalized to h R ), focusing on the central regions. Galaxies of intermediate stellar masses (10 9 M < M * < 10 10 M ) show less pronounced central mass concentrations: the central density is ∼ 2 − 3 times larger than that extrapolated from the exponential disk. For the bin with the faintest systems (M * < 10 9 M ), the mean Σ * shows hardly any deviation from the exponential disk at all radii.
When binning the sample as a function of T (see the right column in Fig. 7) , we show that the disks in galaxies with morphological types T < 5 show similar density profiles (the average total stellar mass of these galaxies in the S 4 G is roughly the same for all morphological type bins earlier than Sc: ∼ 2 · 10 10 M ). They differ in the shape and prominence of their central mass, which increases with decreasing T. This is expected because the Article number, page 7 of 22 A&A proofs: manuscript no. astroph_2016_AA_diazgarcia_simon Left column: Mean Σ * derived by stacking 3.6 µm 1-D density profiles (S 4 G galaxies binned in total stellar mass) resized to the disk scalelength (upper panel), and deviation from an exponential disk (normalized to fit Σ * at 2 · h R ) of the mean Σ * within the central regions (r ≤ 2h R ) (lower panel). Right column: As in the left column, but taking subsamples in terms of the revised Hubble type of the galaxies. For the upper panels, the different line styles indicate the 75% and 100% sample completeness level in the same fashion as in Fig. 5 , and the vertical lines correspond to the standard error of the mean. In the upper left panel, for the bin with largest M * , we indicate the sample dispersion with vertical dotted lines.
Disk parameters 8.5 < log 10 M * /M < 9 9 < log 10 M * /M < 9.5 9.5 < log 10 M * /M < 10 10 < log 10 M * /M < 10.5 10.5 < log 10 M * /M < 11
83. Table 1 . The 1D Sérsic+exponential fit (bulge+disk) parameterization is listed for the different mean profiles binned in terms of M * (Fig. 5) . For both components we present the scalelength and central surface brightness and stellar mass density. For the bulge, the Sérsic index is also given. In parentheses, we show the dispersion of outer disk parameters based on the multicomponent decompositions of the corresponding individual galaxies from Salo et al. (2015) .
bulge-to-total ratio is one criterion to determine the Hubble type of a galaxy (Sandage & Bedke 1994) . A more thorough analysis of the disks reveal that intermediate-type spirals (3 ≤ T < 5) show flatter profiles in the inner regions, probably owing to the effect of bars (typically ∼ 1h R ), and they decline exponentially afterwards.
In Fig. 8 we study the central mass concentration of the disk stacks corresponding to barred and non-barred galaxies, splitting the sample into early-(T < 5) and late-type (T ≥ 5) systems. We find that the central mass concentration of barred galaxies is on average larger than in their non-barred counterparts. Also, strongly barred galaxies are somewhat more centrally concentrated than weakly barred galaxies. This contrast Fig. 7 , but binning the sample into early-(T < 5) and late-type (T ≥ 5) systems and separating barred and non-barred galaxies. Weakly (SAB+SAB) and strongly (SAB+SB) barred galaxies with 10 8.5 M * /M 10 11 are also studied independently.
is particularly clear (almost a factor 2 difference between barred and non-barred galaxies) for morphological types earlier than Sc. We checked that these trends were maintained when restricting the samples to non-active systems (∼ 92% in our sample, based on the catalogue by Véron-Cetty & Véron 2010). This confirmed the lack of any bias (for T < 5) due to the non-stellar emission at 3.6 µm associated with hot dust heated by active galactic nuclei (AGN) (e.g. Meidt et al. 2012 ) since several studies have found AGNs to be more frequent among (early-type) barred galaxies (e.g. Knapen et al. 2000; Laine et al. 2002; Laurikainen et al. 2004a; Hao et al. 2009 ) (but see Lee et al. 2012 ).
Mean A 2 profiles of barred and non-barred systems
In Fig. 9 we show the mean A 2 radial profiles, in subsamples defined by T and M * , computed from the A 2 in individual galaxies (from DG2016) scaled to R 25.5 . Barred and non-barred galaxies are studied in separate bins. The subsamples are also split into weak (SAB+SAB) and strong (SAB+SB) bars.
All barred galaxies show a similar pattern regardless of the family: A 2 monotonically grows until a maximum due to the bar is reached. In some cases such maxima are reached slightly beyond the typical bar length as a consequence of the superposition of the bar and spiral modes. After this peak, other maxima in the outer disk region are most likely due to the spiral arms.
The amplitude of the A 2 profiles are greater (lower) for strong (weak) bars within and also outside the bar region of spiral galaxies and for all stellar masses. In non-barred galaxies, low-amplitude ( 0.2) local maxima appear within the inner regions (R 0.2 − 0.3R 25.5 ) in the A 2 profiles when M * > 10 10 M and T < 5, which may be due to inner spiral modes or to visually undetected weak bars (bars in DG2016 had r bar ≈ (0.2 − 0.3)R 25.5 ). When 0 ≤ T < 5 or M * > 10 9.5 M , the mean A 2 of non-barred galaxies is systematically lower than the barred systems at all radii.
Stellar contribution to the circular velocity
We obtain the mean and median V 3.6µm profiles from the rescaled individual rotation curves as a function of M * and T -type, shown in Fig. 10 . Given the scatter in total stellar mass for a fixed mor- . Mean A 2 radial profiles as a function the morphological type (left column) and the stellar mass (right column), computed from the Fourier amplitudes of individual galaxies rescaled to a common frame determined by R 25.5 . Barred (green dashed line) and non-barred (orange solid line) systems are studied separately, based on the morphological classification by B2015. We also divided the bin of barred galaxies into weakly (SAB+SAB, dotted line) and strongly (SAB+SB, solid line) barred galaxies. The vertical dotted lines indicate the mean bar size, relative to R 25.5 , of the galaxies in the bin. Ten galaxies whose disks did not extend as far as 0.8R 25.5 were excluded from this analysis. The standard deviation of the mean for barred and non-barred systems is indicated with vertical lines.
Article number, page 9 of 22 A&A proofs: manuscript no. astroph_2016_AA_diazgarcia_simon phological type, the mean and median V 3.6µm values are somewhat different (< 10%) when studied as a function of T . In order to characterize V 3.6µm , we derive the maximum rotation (V max 3.6µm ), the radius of maximum rotation (r max 3.6µm ), and the inner velocity gradient of V 3.6µm , denoted as d R V 3.6µm (0). This is done by fitting the inner rotation curve with a polynomial function of order m = 3, and estimating the inner slope from the linear term (following the method in Lelli et al. 2013) . Values of d R V 3.6µm (0) and V max 3.6µm for the different T -and M * -bins are listed in Table 2  and Table 3. As expected, the maximum velocities and the inner slopes of V 3.6µm increase with stellar mass (see Fig. 11 for the behaviour of the individual parameters). For the stacks of massive galaxies, the associated rotation curves show a maximum at ∼ 2.2h R , which is the radius of the maximum velocity of an exponential disk (Freeman 1970) . When the stellar contribution to the circular velocity is studied as a function of T (see the lower panels of Fig. 10) , the higher central concentration of lenticular galaxies manifests in a centrally peaked V 3.6µm rotation curve, with a maximum at ∼ 0.75h R . The T -dependent segregation in the bulge prominence among the systems with morphological types Article number, page 10 of 22 S. Díaz-García et al.: Stellar mass distribution of S 4 G disk galaxies and signatures of bar-induced secular evolution V 3.6µm parameters 8.5 < log 10 M * /M < 9 9 < log 10 M * /M < 9.5 9.5 < log 10 M * /M < 10 10 < log 10 M * /M < 10.5 10.5 < log 10 M * /M < 11
( Table 2 . Maximum and inner slope of the mean V 3.6µm , derived from the stellar contribution to the rotation curves, rescaled with respect to h R and the disk size in kpc. Parameters are given for the different stellar mass bins. In parentheses, we indicate the mean change in the parameters when using < V 3.6µm > ± σ instead of < V 3.6µm > (see error bars in Fig. 11 ). Table 3 . As in Table 2 , but for the five subsamples selected based on morphological type considered in this study.
Disk parameters 8.5 < log 10 M * /M < 9 9 < log 10 M * /M < 9.5 9.5 < log 10 M * /M < 10 10 < log 10 M * /M < 10.5 10.5 < log 10 M * /M < 11 Table 4 . Parameterization of the mean V 3.6µm profiles binned in terms of M * (Fig. 10 ). We use a double-component Polyex model (Eq. 6) (only one component is used for the bin with M * < 10 9 M ).
earlier than Sc (shown in Sect. 4.2) is also manifested in a increasing d R V 3.6µm (0) with decreasing T among the systems with similar maximum velocities (V max 3.6µm ≈ 120 − 130 km/s). Faint late-type galaxies do not show clear declining section in the average V 3.6µm within the studied radial range (75% coverage).
Finally, in order to parameterize V 3.6µm , we use the Polyex function (Giovanelli & Haynes 2002) :
where V • sets the amplitude of the rotation curve, r PE corresponds to the exponential scale of the inner region, and α determines the slope of the outer part. This function is often used as a template for observed rotation curves (e.g. Catinella et al. 2006) . For the disk component we use a double component chisquare minimization fit (V 3.6µm 
) that accounts for the inner hump produced by bulges in the stacks with the largest stellar masses. The resulting parameters, which have no physical meaning, are listed in Table 4 .
Two-dimensional characterization of stellar bars
DG2016 performed a statistical analysis of the lengths and strengths of stellar bars in the Hubble sequence and also in connection to the morphological family and total stellar mass of their host disks. In the Sect. 4.3 we analysed the mean A 2 profiles for barred and non-barred galaxies based on the Fourier decomposition of individual galaxies from DG2016. Here, we characterize the morphologies and strengths of the average bars obtained by stacking 3.6 µm images in bins of stellar mass, Hubble type, and galaxy family.
Shape of average bars
In Fig. 12 we present the 2-D image of the resulting synthetic bars, binned in terms of M * and T . The morphology of the average bars is dependent on the mass and morphological type of the host galaxies: bars in lenticular galaxies are oval, while their form becomes more rectangular in spiral galaxies. Among early-and intermediate-type galaxies, we show that bulges and barlenses are clearly visible in the isocontours and make the inner bar isophotes rounder; this gives the whole bar a peculiar diamond shape with rounded vertexes. The intrinsic boxiness of the outermost bar isophotes is roughly the same for 10 9 M < M * < 10 11 M . More massive early-and intermediatetype spirals seem to host somewhat narrower bars on average if one isolates the above-mentioned contribution of axisymmetric components. Irregular and Magellanic galaxies (fainter) seem to have on average bars which are slightly less eccentric. When T > 0, the isocontours of the bar stacks at r bar and beyond the bar end are somewhat bent towards the winding direction of the spiral arms (imposed to be clockwise before averaging the bars, as explained in Sect. 3.1), which is most pronounced among intermediate-and late-type spirals.
In Fig. 13 we show the shape of the average bars after splitting the sample based on the galaxy family. The bar ellipticities of the stacks associated with the different galaxy families gradually increase from SAB towards SAB, SAB, and SB systems. Because early-type (T < 5) and late-type (T ≥ 5) galaxies host two clearly distinct types of bars, we next study the above differences in the bar shape associated with galaxy family (see Fig. 14) . Despite the poorer statistics, the differences in bar ellipticity for the four families seem to be maintained for both earlyand late-type systems.
In order to quantify the above described trends, we performed isophotal ellipse fitting over the bar stacks using the IRAF procedure ellipse (Jedrzejewski 1987 ) and obtained radial profiles of the ellipticity and b 4 parameter shown in Fig. 15 . The ellipticity is calculated as 1 − b/a, where a and b refer to the length of the major and minor axes, respectively, and b 4 measures the 4th harmonic deviation from ellipse of the isophotal fit. Positive values of b 4 indicate disky isophotes, whereas negative values correspond to boxy isophotes (see e.g. Beaton et al. 2007 ).
Article number, page 11 of 22 A&A proofs: manuscript no. astroph_2016_AA_diazgarcia_simon First row: 2-D synthetic stellar bars constructed from co-added 3.6 µm images of barred galaxies oriented and rescaled with respect to the bars, grouped based on total stellar mass (increasing from right to left). Different surface brightness contours, starting at the bar end and going to brighter (solid lines) and fainter (dotted lines) levels, are displayed. The µ 3.6µm levels are also indicated in units of mag arcsec −2 . The vertical dashed lines delimit the bar major axis. Second row: As in the upper panels, but binning the sample based on revised Hubble type. We show that the maximum ellipticity ( ) is roughly the same for all stellar masses. In systems with M * > 10 10 M the radius of maximum ellipticity (r ) lies very close to the bar end, while r is smaller than r bar in intermediate mass galaxies (∼ 80% for 9 < log 10 (M * /M ) < 10). For the lowest mass systems (M * < 10 9 M ), the ellipticity profile is centrally peaked: it is largest at ∼ 0.3r bar and decays monotonically with increasing radius. In the upper central panel in Fig. 15 the ellipticity profiles are studied as a function of Hubble type. Consistent with the behaviour as a function of M * , r is smaller than r bar among late-type spirals, Magellanic, and irregulars. For the galaxy family (see the upper right panel of Fig. 15 and also the left panels in Fig. 16 ), weak and strong bars differ mainly in the amplitude of their ellipticity profiles.
For the bins with galaxies of stellar masses M * > 10 9.5 M and morphological types T < 5, average bars typically show low values of b 4 in the inner parts (R 0.3r bar ), then rise up to a maximum at ∼ 0.8r bar (larger values for early-and intermediate-type spirals), and drop in the outer part of the bar until b 4 reaches a minimum at ∼ 1.1 − 1.2r bar . These b 4 minima are negative for all the systems, except for the lenticular galaxies. For the less massive systems (M * < 10 9.5 M and T ≥ 5), b 4 does not show any hump in the bar region and systematically becomes negative in the outer parts of the bar. Likewise, when b 4 is studied as a function of family (lower right panel of Fig. 15 ), we show that the radial profiles reach the minima slightly beyond the end of the bar for all the families except those corresponding to SAB galaxies. We also find that the stronger the stacked bars, the lower the minima of the b 4 radial profiles. Shown in the last two panels of Fig. 16 are the b 4 radial profiles of the bar stacks for lateand early-type systems, binned by family. Their shapes have the same bar imprint as described before. However, when T ≥ 5 the b 4 profiles are fairly noisy regardless of bar strength. The depths (amplitudes) of the b 4 minima (maxima) are larger for stronger bars for both early-and late-type galaxies, and when no T selection is used.
Luminosity profiles of average bars
In Fig. 17 we display the surface brightness profiles associated with the stacked images discussed above. We computed the azimuthally averaged µ 3.6µm profiles, and also the surface brightArticle number, page 12 of 22 S. Díaz-García et al.: Stellar mass distribution of S 4 G disk galaxies and signatures of bar-induced secular evolution Fig. 13 , but separating systems with morphological types earlier than (top row) and equal to or later than (bottom row) T = 5 (Sc galaxies). 
Strength of average bars
From the bar stacks we also calculate the bar-induced perturbation strength, which is estimated from tangential-to-radial force profiles (Q T ) and the m = 2 Fourier amplitudes (A 2 ). For the potential calculation from the 2-D bar stack, the scaleheight is assumed to be the median h z of the galaxies within the bin. Bar force parameters characterizing the stacks are listed in Table 5 .
As displayed in Fig. 18 , late-type (T ≥ 5) and moderately faint systems (M * < 10 10 M ) typically have larger Q T profiles in the bar region, whose maxima are reached close to the centre of the galaxy. As shown in Sect. 5.2, these galaxies are almost bulge-less, therefore the radial force field in the inner parts is weaker, causing the tangential-to-radial force ratio to increase. However, early-type galaxies are characterized by lower gravitational torques as they are affected by the so-called bulge dilution (Laurikainen et al. 2004a ): central concentrations of mass enhance the radial force in the bar region, making the loci of maximum torque move outwards and diminish.
For the bar amplitudes, which are less affected by the prominence of the central components, A max 2 increases with increasing total mass and drops for intermediate-and late-type bar stacks (T ≥ 3). The same trend is found with higher order components (A 4 ), which have much lower amplitudes.
In Fig. 19 , we show the A 2 and Q T profiles of the bar stacks, sampled based on the family of the galaxies. The amplitudes of these profiles increase from SAB towards SB galaxies (likewise the maximum A 4 ), in agreement with the analysis in DG2016. As shown in the same figure, the differences in the force profiles, depending on the morphological family, are qualitatively the same when splitting the sample into early-type (T < 5) and late-type (T ≥ 5) systems. 
Bar properties in the Hubble sequence
Based on the analysis of bar stacks, in this work we confirm many of the trends of the bar parameters in the Hubble sequence previously reported in the literature. Bars in early-type galaxies (and in more massive systems) typically show larger m = 2 (and m = 4) Fourier density amplitudes (e.g. Laurikainen et al. 2007) and lower gravitational torques (e.g. Laurikainen et al. 2004b; Buta et al. 2010 ) than in their later-type counterparts. The discrepancy in the statistical behaviour of these bar strength estimates was discussed in Laurikainen et al. (2004a) and DG2016, and attributed to the force dilution by bulges, causing the radius of maximum torque to move outwards, and to the weak underlying disks that is characteristic of late-type systems. Recent work by Seidel et al. (2015b) found that the kinematic perturbation related to the bar tightly correlates with the bar-induced tangentialto-radial forces derived from the gravitational potential, including cases with prominent bulges in the analysis. With regard to their form, bars are oval-shaped among lenticular galaxies, and look intrinsically narrower in early-and intermediate-type spirals (0 ≤ T < 5) than in later types. However, among early-types the bar shape is rounded off by bulges and barlenses in the inner parts.
In order to have a more quantitative analysis of the shape of bars of different masses and morphological types, we carried out ellipse fitting to the bar stacks and studied the radial profiles of ellipticity and b 4 parameter. The ellipticity profiles in barred galaxies typically show a monotonic growth until a maximum/plateau is reached at the end of the bar, after what it declines in the outer disk (consistent with Martin 1995) . The contribution of the bulge and disk axisymmetric light distribution is known to diminish the bar ellipticity (e.g. Athanassoula et al. 1990; Gadotti 2008) , which in principle can be avoided by eliminating the bulge before measuring the isophotes of the bar. However, doing so is not trivial because in many cases the barlens would be removed, while it actually forms part of the bar (Laurikainen et al. 2007 (Laurikainen et al. , 2011 . Athanassoula et al. (1990) concluded that the bar isophotes of early-type strongly barred galaxies are rectangular. In addition, N-body simulations and observational studies indicate that the ellipticity profiles of barred galaxies peak somewhat before the end of the bar (e.g. S0s show the smallest value in the bar stack ( ≈ 0.35), consistent with the drop in ellipticity among the earliest types of lenticulars reported by Laurikainen et al. (2007) . All the spiral and irregular galaxies show on average similar bar ellipticities ( ≈ 0.5), consistent with the analysis in Marinova & Jogee (2007) . We show that the radii where the maximum ellipticities are reached lie very close to the bar end for all galaxies with stellar masses greater than 10 10 M . However, r ≈ 0.6 − 0.8r bar when 10 9 < M * /M < 10 10 , and even r ≈ 0.2r bar when M * /M < 10 9 M . In this last case the M * -bins are likely to consist of late-type galaxies whose bars were not identified in DG2016 via ellipse fitting.
The parameters obtained from bar stacks are consistent with the observations in Gadotti et al. (2007) , where the behaviour of the ellipticity and b 4 radial profiles were analysed for a sample of nine bright barred galaxies using J-and K s -band imaging. Their b 4 profiles generally had values close to zero in the nuclear parts, an enhancement due to the bar, and a fall-out after the radius of maximum ellipticity, b 4 eventually becoming negative. Likewise, in our bar stacks comprising early-and intermediatetype spirals, the b 4 show a similar bar hump and drop after r , turning negative slightly beyond the end of the bar. S0s are the only systems not showing negative b 4 values at any radii. For the late-type spirals, the b 4 profiles also decline at the bar end without any pronounced central increase (likely explained by their smaller central mass concentration). In the bin with the lowest stellar mass (M * < 10 9 M ), it is much harder to distinguish any well-defined radial pattern for b 4 associated with the bar stack.
Article number, page 16 of 22 S. Díaz-García et al.: Stellar mass distribution of S 4 G disk galaxies and signatures of bar-induced secular evolution Martin (1995) and Erwin (2005) showed that bars in galaxies classified as SB and SAB differ in ellipticity. In our study the amplitude of also depends on the galaxy family, that is, the bar isophotes are more elliptical for SB and SAB galaxies than for SAB and SAB systems. Other quantitative estimates of the strength of the bar stacks (tangential-to-radial forces, m = 2 Fourier amplitudes) also showed correlation with family.
We found that the maxima of b 4 tend to be larger for SB galaxies, more clearly when T < 5, implying more disky inner isophotes for stronger bars. The b 4 maxima systematically appear at ∼ 0.75r bar . The depth of the b 4 minima was also found to be larger for SB galaxies, perhaps giving a hint of the link between the strength and boxiness of the bars. However, this minimum typically appears slightly beyond the mean bar end and therefore it may arise from the superposition of a bar and the spiral arm segments. In fact, in many of the radial profiles presented by Gadotti et al. (2007) the b 4 minimum is actually coincident with the minimum rather than the maximum. Elmegreen & Elmegreen (1985) found that bars in early-type galaxies are characterized by flat azimuthally averaged density profiles, i.e. the surface brightness is constant or slowly declining in the bar region and drops along the outer disk, whereas the surface brightness in later types decreases exponentially in the bar region at the same pace as in the rest of the disk. In Sect. 5.2 we confirmed that the bar stacks corresponding to early-and intermediate-type spirals (0 ≤ T < 5) are indeed rather flat, while later type bars are exponential. In the stack made out of bars hosted by lenticulars, we did not find any feature associated with the bar in the azimuthally averaged profiles. The bar hump is distinguishable in the cut along the bar major axis for all the bins. Our results are also consistent with Kim et al. (2015) , who showed that bars in massive galaxies with bulges have a flat profile, whereas bars in less massive disk-dominated systems are characterized by exponential profiles.
Furthermore, in Sect. 4.3 we computed the mean A 2 profiles from the Fourier decomposition of individual galaxies carried out in DG2016. We confirmed that the amplitude of the A 2 hump associated with the bar depends on the family of the host galaxies. Interestingly, we found that among early-and intermediatetype spirals (0 ≤ T < 5), or when M * > 10 9.5 M , the amplitude of the spiral arms (i.e. A 2 values beyond the typical bar region) is larger for barred systems. This might be connected to the correlation between the local bar forcing and the local spiral amplitude reported in Salo et al. (2010) , presented as evidence for the role of bars driving spiral density waves. This interpretation is supported by the dependence of the spirals amplitude on the galaxy family, that is, larger A 2 amplitudes in the outer disk appear for SAB+SB systems than for SAB+SAB galaxies.
As a result of the angular momentum exchange, dynamical models predict that stellar bars become longer, narrower, and stronger and slow down their rotation speed within a Hubble time (e.g. Little & Carlberg 1991; Debattista & Sellwood 1998; Athanassoula & Misiriotis 2002) . Such evolution was addressed observationally in Laurikainen et al. (2007) and DG2016, who found that early-type galaxies (more evolved systems) show on average larger density amplitudes and bar lengths (normalized to the disk size). Possible direct confirmation for the bar growth within a Hubble time is also provided in Elmegreen et al. (2007) , Gadotti (2011) , and DG2016, who found a dependence between the sizes of bars and different estimates of their strengths. In this work we confirmed that bars hosted by early-and intermediatetype spirals are characterized by a larger m=2 Fourier density amplitudes and intrinsically narrower bars. In summary, our observations are consistent with a scenario in which late-type spirals move in the Hubble sequence towards earlier-types (Kormendy 2013, and references therein) as they deplenish their gas and their bars trap particles from the disk and become narrower and longer.
Based on the distinct bar properties, two types of bars were reported in DG2016, those hosted by early-and intermediatetype galaxies (T < 5), and those hosted by later type systems. This twofold nature of bars was argued to be linked to the higher halo-to-stellar mass ratio within the optical radius found among galaxies with morphological types later than Sc, which is known to affect the disk stability properties. This duality is also manifested in the differences in bar shapes and density amplitudes of the stacks discussed in this work. van Dokkum et al. (2013) concluded that although galaxies with present-day stellar masses similar to that of the Milky Way built ∼ 90% of their stellar mass since z = 2.5, most of the star formation took place already before z = 1, at which time these systems typically have their structures assembled to a large extent.
The assembly of galactic disks
Using u-and g-band imaging from SDSS (Gunn et al. 2006 ), 3D-HST (Brammer et al. 2012) , and CANDELS (Koekemoer et al. 2011 ) surveys, van Dokkum et al. (2013 binned their sample based on galaxy redshift 0 ≤ z ≤ 2.5. They obtained averaged density profiles by applying the stacking technique from van Dokkum et al. (2010) , which yields very similar profiles at z ≈ 0 to those of our method (shown in Sect. 3.2). They showed that the mass growth of the MW-type systems was not limited to large radii (i.e. bulges seem to grow at the same time as the rest of the disk) and that their buildup could be fully explained by the SFRs of the galaxies without invoking mergers. This track for the galaxy assembly seems to be in contrast to the behaviour of more massive galaxies (M * ≈ 3 · 10 11 M today, comprising elliptical galaxies and massive S0s), which are characterized by inside-out growth according to van Dokkum et al. (2010) . The central regions of these massive galaxies were formed earlier than z = 2, having a factor of ∼ 3 increase in stellar mass between z = 3 and z = 0 (Patel et al. 2013) , which cannot be uniquely explained by star formation.
Since the early studies by Freeman (1970) , it has been known that spiral galaxies have disks whose surface brightness tends to decay exponentially as a function of galactocentric radius. The whole picture increased in complexity with the advent of deeper surveys in optical wavelengths, which revealed breaks in the disk luminosity profiles Pohlen & Trujillo 2006; Erwin et al. 2008) . Disks with an exponential decay in luminosity and truncations (double-exponentials) had been observed in the local universe (e.g. Pohlen et al. 2002) and at redshifts 0.6 < z < 1.0 (Pérez 2004) . Using 3.6 µm imaging, Laine et al. (2014) shed light on the nature of disk breaks by linking the disk profile types to structural components of galaxies such as rings, lenses, and spirals (type II), and to tidal interactions (type III). Muñoz-Mateos et al. (2013) associated the loci of breaks with the resonance radii of bars and the dynamical coupling between the bar and the spiral pattern. Recent work by Ruiz-Lara et al. (2016) indicates that the stellar population distributions in disk galaxies are decoupled from the shape of the surface brightness profiles.
In Sect. 4.1 we showed that the mean Σ * profiles have larger disk scalelengths (h R ) and fainter extrapolated central surface brightnesses (µ • ) for the bins with larger M * . The roughly parallel trends (in log-log plot) reported by van Dokkum et al. (2013) Article number, page 17 of 22 A&A proofs: manuscript no. astroph_2016_AA_diazgarcia_simon
for the surface brightnesses of the Milky Way progenitors at different redshifts (see profiles in their Fig. 3 ) resemble the tendency of our M * -binned averaged stellar density profiles, especially beyond ∼ 2 kpc. Nevertheless, without the aid of simulation models in a cosmological framework that enable comparisons with our stellar profiles at z ≈ 0, any conclusion for the large-scale assembly of stellar mass in a cosmic time exclusively based on our observations would be overly speculative. We encourage such comparison to be done elsewhere. Together with mean profiles, we also provide dispersion measurements. Fundamental physics determining the formation of disk galaxies (see e.g. Dalcanton et al. 1997 ) are encoded in these dispersion measurements (e.g. distribution of the spin parameter, acquisition of angular momentum by baryons, or secular evolution). Thus, the scatter itself, which is typically larger among non-barred systems, may also be a valuable tool for the comparison with models. We also consider that the average central mass concentration as a function of M * obtained in this work, which is independent of any decomposition method, might also be a strong constraint for galaxy formation models.
We also showed that systems with M * > 10 10 M had steeper mean Σ * in the central parts. The prominence of this central mass concentration among the more massive systems was found to scale with the Hubble type of the host galaxy. It mostly results from the combined contribution to the mean Σ * by different types of bulges (classical, disky pseudobulges, and boxy/peanut bulges in the notation of Athanassoula 2005) . To some degree, our central mass concentrations are produced by central stellar structures such as inner and nuclear rings, spirals, or bars. We show that for galaxies with Hubble types T ≥ 8 and stellar masses M * < 10 9 M the average Σ * is bulge-less, while intermediate systems with 10 9 ≤ M * < 10 10 M and 5 ≤ T < 8 are characterized by fairly small central mass concentrations. Our results are consistent with the analysis of Salo et al. (2015) , where for Hubble types T = 5 − 7 the bulges in disk galaxies gradually disappear and for the latest types most of the systems are pure disks. This is expected because for the stacked profiles we used the same galaxy images as in Salo et al. (2015) .
In Sect. 4.1 and Sect. 4.2 we also showed that for all M * -and T -bins, the mean Σ * follow an exponential slope down to at least ∼ 10M /pc 2 . Beyond this depth, the sample coverage in the radial direction compromises the robustness of our statistics (e.g. possible appearance of artificial up-bending profiles), as explained in Sect. 3.2. Because our methodology inhibits us from extending the analysis to fainter regions of the average Σ * , in this work we do not study disk breaks. In addition, the reported average exponential trends must not lead to the conclusion that, typically, the disks in our sample do not present breaks as upbending and down-bending sections of the binned profiles may cancel out in the final mean Σ * .
Although there are several proposed theories (e.g. Freeman 1970; Fall & Efstathiou 1980; Lin & Pringle 1987; Pfenniger & Friedli 1991) , the way in which exponential disks assemble is still unclear. In contrast to early cosmological simulations that failed to produce bulge-less exponential disks (e.g. van den Bosch 2001), Dutton (2009) was successful at modelling exponential or quasi-exponential stellar disks in a ΛCDM framework over a wide range of total stellar masses without any a priori assumption about the disk shape. This model followed the accretion, cooling, and ejection of baryonic mass within dark matter halos; the exponential disks resulted from the combined effect of supernovae driven galactic outflows, variations in the distributions of the specific angular momentum of the baryons, and the star formation inefficiency at large radii. Exponential disks had been produced earlier in models with star formation feedback (e.g. Abadi et al. 2003; Robertson et al. 2004) . Using galaxy imaging in the Hubble Space Telescope Ultra Deep Field (UDF; Beckwith et al. 2006) , Elmegreen et al. (2005) showed that blue star-forming clumps in high-redshift galaxies appear to be distributed following an exponential profile; these clumps, formed by gravitational instabilities, are candidates to disperse into the exponential uniform disks that we observe today. In addition, models by Elmegreen et al. (2008) have shown that bulges (with high Sérsic indexes) can form by the coalescence of those clumps that resisted the SF disruption, lost angular momentum, and migrated to the galaxy centre. Classical bulges, which look indistinguishable from elliptical galaxies (Sandage & Bedke 1994) , have traditionally been thought to form through mergers (Toomre 1977) followed by a rapid relaxation (for a review, see Brooks & Christensen 2016) , which is the way ellipticals possibly formed (Lynden-Bell 1967) . On the other hand, pseudobulges result from the secular evolution of disks, for instance via bar instabilities (see Kormendy & Kennicutt 2004 , and the discussion in Sect. 8). Recent cosmological simulations of galaxy formation by Sales et al. (2012) have shown that the accretion of cold gas from filaments, combined with a considerable misalignment in the spin of the galaxy components can also result in the formation of slowly rotating spheroidal central masses.
In Sect. 4.4 we provided the mean stellar contribution to the circular velocity as inferred from near-IR wavelengths whose maximum amplitude and inner slope was found to scale with the total stellar mass and bulge prominence of the galaxies. These curves are an additional constraint for testing galaxy formation models, and may contribute to more accurate estimates of the amount of dark matter that is present in the inner parts of presentday galaxies based on kinematic data. Combining the disk rotation curves inferred from 3.6 µm photometry with H i velocity measurements from the literature, DG2016 obtained a first-order estimate of the halo-to-stellar mass ratio (M halo /M * ) within the optical radius. Systems with T 5 or M * 10 10 M were found to be more dark matter dominated inside the optical disk than the early-type massive galaxies (see also Courteau & Dutton 2015) . Under the assumption that the halo within the optical disk contributes approximately a constant fraction of the total halo mass (∼ 4%), we found that the trend of the M halo /M * -M * relation agreed with models at z ≈ 0 in ΛCDM cosmological simulations fitted based on abundance matching and halo occupation distribution methods, with constraints from weak lensing analysis (e.g. Moster et al. 2010; Behroozi et al. 2010; Guo et al. 2010; Leauthaud et al. 2012) . A possible direction for studies of galaxy formation motivated by this result is to obtain the stellar-to-halo mass ratio within the central parts of galaxies in cosmological simulations. Another interest scaling relation showing the coupling between the baryonic and dark matter in the central parts of disk galaxies was presented by Lelli et al. (2013) , who found a linear correlation between the inner gradient of the circular velocity curve (i.e. inner shape of the potential well) and the central surface brightness. This relation was confirmed with S 4 G galaxies by Erroz-Ferrer et al. (2016) using H α kinematics from Erroz-Ferrer et al. (2015) .
Role of bars in the evolution of galactic disks
The effect of bars in the evolution of their host galaxies is manifested in the redistribution of gaseous and stellar material within the disk. Specifically, the material beyond the bar corotation is pushed outwards, while the material within the CR is pushed inArticle number, page 18 of 22 S. Díaz-García et al.: Stellar mass distribution of S 4 G disk galaxies and signatures of bar-induced secular evolution wards because of the torques exerted by the bar (Athanassoula 2013 , and references therein). The gas funneled by bars towards the central regions of the galaxies might eventually be used in starbursts when it reaches high densities; in fact, many barred galaxies have been observed to have dense central concentrations of gas and star formation (Kormendy 2013 , and references therein). This gas can cause the growth of the inner disk (e.g. Athanassoula 1992a; Wada & Habe 1992; Friedli & Benz 1993; Kormendy & Kennicutt 2004; Athanassoula 2005) , and perhaps fuel the active galactic nucleus (e.g. Shlosman et al. 1989 ) (but see Cisternas et al. 2013) .
Based on the analysis of disk stacks normalized to h R , in Sect. 4.2 we showed that both early-and late-type systems have larger central mass concentrations when a stellar bar is present, confirming the above listed expectations. Furthermore, slightly higher (lower) concentrations were detected for strongly (weakly) barred galaxies. As discussed in Sect. 6, this could be explained by the higher efficiency of strong bars fueling matter towards the central regions and perhaps also by the larger prominence of barlenses in strongly barred systems. This is also consistent with bars being robust structures (e.g. Shen & Sellwood 2004; Villa-Vargas et al. 2010; Athanassoula et al. 2013; Gadotti et al. 2015; Seidel et al. 2016) in spite of the exchange of angular momentum with the driven gas. The mean Σ * of unbarred galaxies showed a substantial central mass concentration (∼ 6 and ∼ 2 times the extrapolated central stellar density of the underlying disk for T < 5 and T ≥ 5, respectively), which is in principle independent of any bar-driven secular evolution or presence of B/P bulges. However, for T < 5 we found that barred galaxies have a mean central concentration that is a factor of 2 higher than non-barred galaxies, which we attribute to secular evolution.
The redistribution of material beyond the CR driven by the bar torques can enhance substantially the outer disk stellar mass density, increasing the disk scalelength (e.g. Hohl 1971; Athanassoula & Misiriotis 2002; O'Neill & Dubinski 2003) . Particularly, Valenzuela & Klypin (2003) found that for a simulation model with a substantial amount of dark matter the bar formation increases the exponential scalelength of the disk by a factor of 1.2 − 1.5. In the simulations of Debattista et al. (2006) the angular momentum redistribution within a galaxy leads to an increase in h R even when the disk angular momentum is conserved (i.e. with a rigid halo). In addition, they show that the distribution of dark matter halo angular momenta does not unambiguously determine the increase in the disk scalelength since the evolution of the density profile linked to the bar formation is also sensitive to initial disk kinematics: the larger the Toomre parameter Q (hotter disk), the smaller the change.
There can be multiple physical processes leading to the radial migration that causes the outer disk growth in barred galaxies. Mixing due to resonant scattering by transient spiral structure (Sellwood & Binney 2002; Roškar et al. 2008 ) has been proposed to account for a radial flattening of metallicity gradients in the disk, but this process does not seem to alter the surface density profile of the disk. A different mechanism for the redistribution of angular momentum in the disk, proposed in Minchev & Famaey (2010) , results from the overlap of spiral and bar resonances. Non-linear couplings between bar and spirals with different patterns are known to take place in galactic disks (Sellwood 1985; Tagger et al. 1987; Sellwood & Sparke 1988; Sygnet et al. 1988; Masset & Tagger 1997; . Using self-consistent Tree-SPH simulations and high-resolution N-body simulations, Minchev et al. (2011) demonstrated that such radial migration induces a strong extension of the disk, even in low-mass galaxies. This bar+spirals coupling mechanism is expected to be ubiquitous for all barred galaxies as bars are likely to be drivers of spiral density waves (evidence for this can be found in Salo et al. 2010 , and also in Sect. 6 of this work). The disk growth in barred galaxies can also be induced by fluxtube manifold spirals (Romero-Gómez et al. 2006; Patsis 2006; Voglis et al. 2006; Romero-Gómez et al. 2007; Athanassoula et al. 2009 ), as the disk size can increase as much as 50 % after a few episodes of spiral arm formation (Athanassoula 2012) .
In Sect. 4.1 we found a significant difference in the density profiles of barred and non-barred galaxies in the inner parts and in the outskirts of their disks (Fig. 5) . For a fixed total stellar mass, the average Σ * of unbarred galaxies intersected the average Σ * of barred galaxies slightly beyond the mean bar radii of the latter sample that presented a shallower surface brightness in the outer kpc. Because stellar bars are known to push outwards the material which is beyond corotation, we speculate that such crossing point might be the mean corotation resonance radius of the binned barred galaxies. This constitutes an observational confirmation of the expectations from the simulations described above. In addition, this imprint of the bar-driven rearrangement of material in the disk was shown to be clear for earlytype (T ≥ 5) and late-type (T > 5) systems (Fig. 6) , which are known to host two distinct types of mass distributions (DG2016).
Among the faintest systems analysed in this study (10 8.5 M * /M 10 9 ), barred and non-barred galaxies were found to have almost identical mean stellar mass density profiles. This probably occurs because the systems in this bin, mostly constituted by irregular and Magellanic galaxies, are characterized by bars and spiral arms of low amplitudes, as shown in Sect. 5.3, which might be less efficient redistributing angular momentum. Another explanation would come from their typically larger halo-to-stellar mass ratio within the optical disk, shown in Fig. 6 of DG2016, causing the halo resonances to act as the main angular momentum sinks in detriment to the stellar disk (i.e. less angular momentum absorbed by particles near the outer disk resonances). This is oversimplified, however, since the maximum exchange of angular momentum requires an optimum equilibrium between emitters (material surrounding the bar inner Lindblad resonance) and absorbers (material at halo and outer disk resonances), as discussed in Athanassoula (2003) and Athanassoula (2013) . In addition, for systems with 10 9 M * /M 10 9.5 , which are dark matter dominated, the evidence for the disk spread being caused by bars is fairly clear.
Observational evidence for the bar-driven secular evolution analysing disk structural parameters was also provided by Sánchez-Janssen & Gadotti (2013) , who studied the difference in the disk central surface brightnesses and scalelengths between barred and non-barred galaxies of stellar masses M * > 10 10 M at redshifts 0.02 ≤ z ≤ 0.07. Using a sample of ∼ 700 SDSS-DR2 galaxies and parameters from the i-band 2-D bulge/disk/bar decompositions performed in Gadotti (2009) , they found that barred disks tend to have fainter extrapolated central surface brightnesses (∆µ • ≈ 0.25) and larger disk scalelengths (∆h R ≈ 15%), which is more or less consistent with our results, in the same M * -bins, based on mean stellar mass density profiles. In addition to using deeper data which are less affected by dust obscuration, we also apply a different methodological approach that is not sensitive to any decomposition technique. In fact, in 2-D decompositions bars, lenses, and barlenses need to be modelled in order to recover intrinsic structural parameters of disks and, more severely, bulges (e.g. Laurikainen et al. 2005 Laurikainen et al. , 2010 Laurikainen et al. , 2014 ; this is not an issue in the qualitative study presented here. In addition, we have extended the analysis to bluer and fainter Article number, page 19 of 22 A&A proofs: manuscript no. astroph_2016_AA_diazgarcia_simon systems, among which the the role of bars in the disk growth is even more evident.
Sánchez-Janssen & Gadotti (2013) also discussed (and discarded) an alternative scenario that would eventually explain the statistical differences in disk structural parameters between barred and non-barred galaxies, namely that bars form preferentially in disks with faint disk central surface brightnesses and large scalelengths. Using S 4 G data, DG2016 showed that galaxies with T > 5 and M * < 10 10 M , typically bluer and richer in cold gas, are characterized by higher halo-to-stellar mass ratios. In addition, in Cervantes Sodi et al. (2015) (see also DG2016) the bar fraction was lower for systems with a larger M halo /M * (< R opt ), providing possible observational evidence for the role of halos stabilizing the disk against bar formation shown in simulation models (e.g. Hohl 1976; Mihos et al. 1997; Mayer & Wadsley 2004) . This can be an excessively simplified analysis though as live halos (i.e. halos absorbing angular momentum) did not prevent the long-term formation of bars in the models developed by Athanassoula (2002) , and eventually these bars became stronger than when weaker halos were used. However, recent simulations with live disks and halos in a cosmological context by DeBuhr et al. (2012) favour the stabilizing role of dark matter halos. In summary, based on observations, we expect that disks with lower surface brightness (more dark matter dominated) are less prone to the bar instability. In addition, it is unlikely that the average profiles for barred and non-barred galaxies converge close to the mean bar corotation by coincidence. Altogether, we reject any other scenario but the bar-driven secular evolution of disks to explain some of the results presented in this paper.
In conclusion, although hierarchical clustering is still taking place at z = 0, there has been enough time for secular processes to have an effect in the stellar mass distribution of disk galaxies.
Summary and conclusions
In this work we provide observational constraints for galaxy formation models by using 3.6 µm imaging for 1154 non-highly inclined disk galaxies (i < 65
• ) in the local Universe, of which ∼ 2/3 are barred, with total stellar masses 10 8.5 M * /M 10 11 and Hubble types −3 ≤ T ≤ 10, drawn from the S 4 G sample (Sheth et al. 2010) .
We obtained average disks (1-D) and bars (2-D) by stacking galaxy images which were rescaled to a common frame determined by their stellar disk and bar sizes and orientations (Fig. 1,  Fig. 2, and Fig. 3) . We describe the stellar density profiles (Σ * ) of disks and bars as a function of M * and morphology. Based on the Fourier decomposition of galaxies and the calculation of gravitational potentials done in DG2016, we also characterize the mean disk(+bulge) contributions to the circular velocity (V 3.6µm ) and m = 2 Fourier amplitude (A 2 ) radial profiles in disk galaxies. We calculated the statistical dispersion as a function of radius.
The main results of this paper based on the 1-D study of average disks are the following:
-For all the M * -and T -bins, the mean stellar density profiles follow an exponential slope (Fig. 5, Fig. 6 and Fig. 7 ) down to at least ∼ 10M pc −2 . Beyond this image depth the robustness of our statistical methodology is compromised by the sample coverage in the radial direction. The disk extrapolated central surface brightness and scalelength of the mean Σ * increase with increasing M * .
-The mean Σ * profiles associated with galaxies with Hubble types T ≥ 8 and stellar masses M * < 10 9 M are bulgeless. Intermediate systems with 10 9 ≤ M * < 10 10 M and 5 ≤ T < 8 present fairly small central mass concentrations, while more massive systems have significantly larger concentrations whose prominence scales with T . -We present observational evidence for the bar-induced secular evolution of galactic disks. For a given M * -bin (≥ 10 9 M ), (i) mean stellar mass density profiles computed for barred systems present larger scalelengths and fainter extrapolated central surface brightnesses than for their non-barred counterparts; (ii) the average Σ * of barred and non-barred galaxies intersect each other slightly beyond the mean bar length of the former subsample, most likely at the corotation radius; and (iii) the central mass concentration of barred galaxies is larger (almost a factor 2 when T < 5) than in the non-barred systems. To our knowledge, the last trend is observationally confirmed for the first time based on a large unbiased sample in near-IR wavelengths. The imprint of the bar-driven rearrangement of material is found for both earlyand late-type galaxies.
-For early-and intermediate-type spirals (0 ≤ T < 5), we find that the mean A 2 is substantially larger within and outside the typical bar region among barred galaxies, compared to the non-barred systems (Fig. 9 ). For all stellar masses, SAB+SB galaxies tend to have larger A 2 amplitudes than SAB+SAB systems at all radii. This provides possible observational evidence for the role of bars driving spiral density waves. -The shape of the average stellar component of the circular velocity (maximum velocity and inner slope) is strongly dependent on the total stellar mass and bulge prominence (i.e. morphological type) (Fig. 10, Fig. 11 , Table 2 and Table 3 ). Early-type systems (T < 5) present similar V 3.6µm maximum amplitudes (∼ 120 − 130 km s −1 ) and inner slopes that increase with decreasing T .
From the analysis of 2-D bar stacks we confirm previous studies of bar properties in the local universe, some of them consistent with a framework in which bars trap particles from the disk and become narrower and stronger, while the host galaxies evolve secularly and move in the Hubble sequence:
-Bar stacks comprising early-type systems present larger m = 2 and m = 4 Fourier density amplitudes and lower noncentrally peaking gravitational torques ( Fig. 18 and Table 5 ). -Early-and intermediate-type spirals host intrinsically narrower mean bars than later types ( Fig. 12 and Fig. 15 ). In contrast, lenticulars and faint galaxies (M * < 10 9 M ) have oval-shaped average bars. -Qualitatively, bar stacks corresponding to early-and intermediate-type spiral galaxy bins are typically flat, while later-types show exponential profiles, in agreement with the classic result by Elmegreen & Elmegreen (1985) (Fig. 17) . The azimuthally averaged density profile of lenticulars does not show any feature associated with the stellar bar. The bar hump is very clear in the cut along the bar major axis for all systems. -By grouping galaxies based on the galaxy family from Buta et al. (2015) , we show a clear correspondence between visual (AB/AB/AB/B) and qualitative and quantitative estimates of the bar strength (tangential-to-radial forces, m = 2 Fourier amplitudes, ellipticity), for both early-type (T < 5) and latetype (T ≥ 5) systems (Fig. 13, Fig. 15 , Fig. 16 , and Fig. 19 ).
The FITS files of the synthetic images and the tabulated radial profiles of average stellar mass density, luminosity, Fourier amplitudes, gravitational force, and the stellar contribution to the circular velocity are also available on-line
Article number, page 20 of 22 S. Díaz-García et al.: Stellar mass distribution of S 4 G disk galaxies and signatures of bar-induced secular evolution at www.oulu.fi/astronomy/S4G_STACKS/. The sample dispersions of the 1-D profiles within each radial bin are also provided. A brief description of the content of the website can be found at www.oulu.fi/astronomy/S4G_STACKS/readme.txt. In this paper we also provide simple fitting formulae to the 1-D average stellar density profiles (Table 1 ) and disk component of the rotation curves (Table 4) .
